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An In-Line Sputter Deposition Sy stem 



Related Applications 



This application claims the benefit of U.S. Provisional Application Serial No 
60/102,610, filed October 1, 1998. 

Field of the Invention 

The invention mlates generally ,o apparatus and methods for pressing substtates and 
more particular* ,o appara.ua and methods for simuhaneousiy processing multiple batches of 
substrates. 

Background Information 

Microelectronic and electrooptic devices „ fabricaKd „ y 
processing steps which include a, leas, one step of depositing a thin metai or dieieotrio fihna onto 
substtates sueh as sihcon, gaWum arsenide, and giass. Thin metals and die.ectrics are deposited 
m a vacuum chamber by numerous technics Known in me att, such as sputtering, evaporation, 
and Chemtca, Vapor Deposition (CVD). Sputtering is a versatile deposition ,eehni q ue because i, 
can be used to deposit a wide variety of materials a. relative.y high deposition rates. Sputtering 
ts particular* useftd for depositing muitipie layers of materials or materials with compiex 
stochiometries. 

Sputtering systems typically bias a tege, comprising the material to be sputtered at a 
restively high voltage, typically about -500 vohs, i„ . vacuuol chamber mM ^ m 
such as argon, a, pressures ranging ftomO., mtorrto lOOmtorr. The bias potential induces a 
breafciown of the gas and the formation of a piasma glow discbarge. The ions in the piasma are 
aoe.era.ed by me negative po,entia, into me .arge, .hereby producing secondary atomic emission 
whtch depostts sputtered materia, on a substiate p.aced in me path of me sputtered ions 
Magnetic fields are typically used ,„ confine the plaS ma in order .„ « Ure sputtering rate. 

It is sometimes desirable ,o deposit mul,ip,e layers of different material on substrates 
wtthout removing the substrates from the process chamber. However, most prior « sputtering 
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systems are designed to depositing one material, which may be a single metal or dielectric or a 
combination of several metals or dielectrics. Thus, if multiple layers of different materials have 
to be deposited on substrates, the sputtering systems usually need to be reconfigured. 

It is desirable to process multiple substrates simultaneously in order to increase process 
throughput and thus reduce the manufacturing costs of the end product. Modern deposition tools 
used in the microelectronics industry include multiple chambers and complex mechanical 
devices that transport the substrates between the chambers of the tools. Modern processing tools 
typically have numerous sections including at least one substrate storage area, a substrate 
preparation or cleaning area and a deposition chamber. There are three general design 
approaches to making high-throughput deposition tools. 

Batch processing systems process an entire batch of substrate simultaneously. Substrates 
are either loaded in the process chamber one-by-one or they are loaded onto a pallet, which is 
then loaded into the process chamber. These tools can have a very high throughput, but they are 
difficult to automate. The throughput is typically limited by the substrate handling mechanisms. 
Batch systems have become less popular because they are difficult to scale to large wafer sizes. 

Cluster tools include a plurality of process chambers that are clustered around a central 
platform. A transport mechanism or robot moves the substrates between the various process 
chambers. Typically, each process chamber attached to the cluster tool performs a single task 
and can be operated independent of the other process chambers. For example, the individual 
process chambers may clean substrates before processing, etch substrates or a film deposited on 
substrates, or deposit metal or dielectric films on substrates. The throughput of cluster tools can 
be very high because multiple chambers can process substrates simultaneously. 

Typically, the deposition chambers within cluster tools are configured to deposit only one 
metal or dielectric film. Consequently, if the process requires multiple layers of metals or 
dielectric films, the multiple layers are sequentially deposited in different process chambers. 
State-of-the-art cluster tools typically have between about four and eight process chambers. 
Therefore, cluster tools have a limited capability to deposit multi-layer film coatings. 

In-line processing tools process substrates one-by-one, through a series of process steps. 
In-line processing tools are versatile tools that have relatively high throughput. One 
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disadvantage of in-line processing tools is that the throughput of these tools is limited by the 
process time of the longest process step. Another disadvantage of in-line tools is that they are 
physically very long in length compared to other processing tools because of their linear design 
and because separate stations are required for loading and unloading the substrates. In order to 
dimension these tools to fit into modern semiconductor processing facilities, where floor space is 
very costly, complex mechanical designs are often used. 

Summary of the Invention 

An object of the present invention is to provide an in-line processing system that 
simultaneously transports substrates into or out of a load lock while processing substrates in at 
least one of a first process chamber and a second process chamber. A principle discovery of the 
present invention is that an in-line processing system can be constructed where a load lock, a 
sputter cleaning chamber, and a sputter deposition chamber can be operated simultaneously. 

Accordingly, the present invention features an apparatus for simultaneously transporting 
and processing substrates. The substrates may be semiconductor wafers. The substrates may be 
positioned on a pallet or free standing. The apparatus includes a load lock that stores at least one 
substrate prior to processing and that stores at least one substrate after processing. The load lock 
may be a vacuum load lock. The load lock may include a first valve that defines a first end of the 
load lock for loading and unloading substrates and a second valve that defines a second end of 
the load lock. A robot arm positioned in an atmospheric pressure environment may be used to 
load at least one substrate into and out of the first end of the load lock. 



A first transport mechanism transports at least one substrate into and out of the load lock. 
In one embodiment, the first transport mechanism comprises a plurality of tubes or solid 
members. A multi-stage elevator is adapted to receive the first transport mechanism. A first 
process chamber is vertically disposed from the multi-stage elevator. The multi-stage elevator 
vertically transports at least one substrate into and out of the first process chamber. In one 
embodiment, the multi-stage elevator includes a first and a second elevator stage, where the 
second stage is vertically aligned and separated from the first stage. Each of the first and the 
second elevator stage are adapted to support at least one substrate and to accept the first transport 
mechanism. 
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A second process chamber may be coupled to the multi-stage elevator. A second 
transport mechanism transports at least one substrate between the multi-stage elevator and the 
second process chamber. In one embodiment, the second transport mechanism comprises a 
plurality of tubes or solid members. The first process chamber may be a sputter cleaning 
chamber. 



tion 



In one embodiment, the second process chamber is a multi-layer sputter deposit* 
chamber that includes a plurality of magnetrons mounted on a rotatable member. The rotatable 
member may define an aperture that is substantially at atmospheric pressure. A predetermined 
one of the plurality of magnetron is positionable proximate to a substrate in the second process 
chamber. A transport mechanism transports the substrate proximate to the predetermined one of 
the plurality of magnetron in a first and a second direction. The second direction may be 
substantially opposite to the first direction. 

The present invention also features a method of simultaneously transporting a batch of 
substrates in an apparatus while processing a batch of substrates in at least one process chamber 
of the apparatus. A first batch of substrates is transported from a substrate carrier into a load 
lock and then from the load lock to a first stage of a multi-stage elevator. The first stage of the 
multi-stage elevator is then positioned into a first process chamber. 

The first batch of substrates is processed with a first process and then the first stage of the 
multi-stage elevator supporting the first batch of processed substrates is positioned adjacent to a 
second chamber. The first batch of processed substrates is transported from the first stage of the 
multi-stage elevator to the second process chamber. A second batch of substrates is then loaded 
in the apparatus for simultaneous processing. 

The second batch of wafer is transported from a substrate carrier into the load lock and 
then from the load lock to the first stage of the multi-stage elevator. The first stage of the multi- 
stage elevator supporting the second batch of substrates is then positioned into the first chamber. 
The first and second batches of substrates are then simultaneously processed. That is, the first 
batch of substrates is processed in the second chamber with a second process while the second 
batch of substrates is processed in the first chamber with the first process. The first process may 
be a sputter cleaning process and the second process may be a multi-layer deposition process. 
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After the first batch of substrates is processed by the first and the second process, it is 
stored in the apparatus while a third batch of substrates is being positioned for processing. The 
second stage of the multi-stage elevator is positioned adjacent to the second chamber. The first 
batch of processed substrates is then transported from the second chamber to the second stage of 
the multi-stage elevator. 

The second batch of processed substrates is then transported into the second process 
chamber while a third batch of substrates is transported into the system. The first stage of the 
multi-stage elevator with the second batch of substrates is positioned adjacent to the second 
process chamber. The second batch of processed substrates is then transported from the first 
stage of the multi-stage elevator to the second process chamber. The third batch of substrates is 
then transported from the substrate carrier into the load lock and then from the load lock to the 
first stage of the multi-stage elevator. The first stage of the multi-stage elevator with the third 
batch of substrates is positioned in the first process chamber. 

The second and third batches of substrates are then simultaneously processed while the 
first batch of processed substrates is removed from the apparatus. That is, the second batch of 
substrates is processed in the second chamber with a second process and the third batch of 
substrates is processed in the first chamber with the first process. The first batch of substrates is 
transported from the second stage of the multi-stage elevator to the load lock and then to the 
substrate carrier. 

Brief Description of the Drawings 

In the drawings, like reference characters generally refer to the same parts throughout the 
Afferent views. Also, the drawings are not necessarily to scale, emphasis instead generally being, 
placed upon illustrating the principles of the invention. 



invention 



Fig. 1 is a side, schematic view of an in-line processing apparatus according to the 



Fig. 2 is a top, schematic, cross-sectional view taken along section 2A-2A of Fig. 1 of an 
in-line processing apparatus according to the present invention. 
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Figs. 3a-3d are schematic diagrams that illustrate an embodiment of a substrate transport 
mechanism according to the present invention. 

Figs. 4a-4j illustrate the movement of substrates through an embodiment of the in-line 
processing apparatus of the present invention. 

5 Fig. 5 is a side cross-sectional view of one embodiment of a multi-layer sputter 

disposition chamber according to the present invention. 

Fig. 6 illustrates a schematic view of a sequential phase-in deposition of two materials 
using the sputtering deposition system of the present invention. 

Fig. 7 is a graph illustrating chromium and copper distribution as a function of film 
3 thickness for a chromium/copper sequential phase-in deposition using the sputtering deposition 
system of the present invention. 

Detailed Description nf the Invention 

Fig. 1 is a side, schematic vie W of an in-line processing apparatus 10 according to the 
mvenhon. The apparatus 1 0 includes a robot arm 12 tha, transports a substrate or a batch of 
subsmtfes 14 from a substrate earner 16 into a load lock 18. The substrates 14 may he 
senuconductor wafers or glass substrates. Tie substrates 14 may be supported by a pallet !5or 
any type of substrate carrier known in the art. 

In one embodiment, the robot arm 12 is a rotatable multi-segmented arm that is 
postttonahle between a firs, position proximate to the substrate carrier 16 (as shown in dotted 
vtew) and a second position fha. is proximate to the load lock 18 (as shown in solid view) The 
robot ann 12 is movable verfkafly to enable i, to load and unload subshra.es from dfffe re „, ' 
vertical levels of the substrate carrier 16. 

The load lock 18 stores a, leas, one subsfm«e prior ,o processing and stores a. leas, one 
subsnate after processing. The load lock 18 has a firs, valve 20 fha, is proximate to fhe robot 
ann ,2 ma, defines «he firs, end of me load lock ,8. Tne load lock ,8 has a second valve 22 ma, 
» proximate the muM-s,age elevator 24 that defines fhe second end of the load lock 1 8 In one 
embodiment, the first 20 and second valves 22 are flapper valves 
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A first process chamber 26 is coupled to the load lock 18. In one embodiment, the first 
chamber 26 is a sputter clean chamber that prepares the substrates for further processing. A 
multi-stage elevator 24 is positioned under the first chamber 26. The multi-stage elevator 24 
includes at least two vertically aligned and separated stages 30 and 32 that support the substrates 
14. The multi-stage elevator 24 is coupled to a driving mechanism 34 that vertically positions 
the multi-stage elevator 24. The driving mechanism may be any mechanism known in the art. 

A vacuum pump 36, such as a cryogenic vacuum pump, is coupled to the bottom of the 
multi-stage elevator 24 by a gate valve 38. The vacuum pump 36 evacuates the multi-stage 
elevator 24, the first process chamber 26, and the load lock 1 8 to high vacuum. A first transport 
mechanism 40 (Figs. 2 and 3), such as the transport mechanism described in connection with 
Figs. 2 and 3, transports substrates 1 4 between the load lock 1 8 to the multi-stage elevator 24. 

A second process chamber 42 is also coupled to the load lock 1 8. A second transport 
mechanism 44, such as the transport mechanism described in connection with Figs. 2 and 3, 
transports substrates 14 between the multi-stage elevator 24 and the second process chamber 42. 
The second process chamber 42 may be a multi-layer deposition chamber as described in 
connection with Fig. 5. A vacuum pump 46, such as a cryogenic vacuum pump, is coupled to the 
second process chamber 42 by a gate valve 48. The vacuum pump 46 evacuates the second 
process chamber 42 to high vacuum. A throttle valve 50 is positioned between the second 
process chamber 42 and the vacuum pump 46. The throttle valve 50 changes the conductance to 
the pump and, therefore, the pressure inside the second process chamber 42. 

Fig. 2 is a top, schematic, cross-sectional view taken along section 2A-2A of Fig. 1 of an 
in-line processing apparatus 10 according to the present invention. Fig. 2 illustrates the various 
transport mechanisms of the apparatus. Fig. 2 illustrates a top view of the robot arm 12 and * 
several substrate carriers 1 6. The first transport mechanism 40 is shown coupled to a driving 
mechanism 41 that transports substrates 14 between the load lock 1 8 and a stage of the multi- 
stage elevator 30 or 32. The second transport mechanism 44 is shown coupled to a second 
driving mechanism 45 that transports substrates 14 between a stage of the multi-stage elevator 30 
or 32 and the second process chamber 42. 
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The first 40 and second transport mechanism 44 includes a plurality of members or 
fingers 52 that support and translate substrates or a carrier supporting substrates between the load 
lock 1 8 and the stages 30 and 32 of the multi-stage elevator 24. The fingers 52 may be solid 
members or may be tubes. The at least two vertically aligned and separated stages 30 and 32 of 
the multi-stage elevator include grooves 54 that receive the fingers 52 of the first 40 and second 
transport mechanism 44. 

Figs. 3a-3d are schematic diagrams that illustrate an embodiment of the substrate 
transport mechanism 40 and 44 according to the present invention. Fig. 3a illustrates a 
perspective view of the substrate 14 being supported by the fingers 52 of the transport 
mechanism 40 and the stage 30 of the multi-stage elevator 24. Although Fig. 3 is illustrated as 
transporting a single substrate, in one embodiment of the invention, the transport mechanism 
transports a batch of substrates. Fig 3b illustrates the fingers 52 positioned in the grooves 54 of 
the stage 30 of the multi-stage elevator 24. 

Fig. 3c illustrates the substrate 14 being supported by the stage 30 of the multi-stage 
elevator 24. The multi-stage elevator 24 is raised so that the substrate 14 is transferred from the 
transport mechanism 40 to the stage 30 of the multi-stage elevator 24. Fig. 3d illustrates the 
transport mechanism 40 moving away from the stage 30. The multi-stage elevator 24 may now 
be elevated to transport the substrates 14 to the first process chamber 26. 

Figs. 4a through 4j illustrate the movement of substrates through an embodiment of the 
in-line processing apparatus of the present invention where the first process chamber is a sputter 
clean chamber and the second process chamber is a sputter deposition chamber. Fig. 4a 
illustrates a first substrate 1 4a positioned in the load lock 1 8. Although Fig. 4 is illustrated with 
one substrate, in one embodiment of the invention, a batch of substrates is processed. After the * 
first substrate 1 4a has been moved into the load lock 1 8, the load lock 1 8 is evacuated by vacuum 
pump 36. A first transport mechanism 40 transports the first substrate 1 4a from the load lock 1 8 
into the multi-stage elevator 24. In the embodiment shown, the multi-stage elevator 24 includes 
a first stage 30 and a second stage 32. 

Fig. 4b illustrates the first substrate 14a positioned on the first stage 30 of the multi-stage 
elevator 24. The multi-stage elevator 24 then vertically raises the first substrate 14a into the 
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sputter cleaning chamber 26. The first substrate 14a is sputter cleaned in the chamber 26. The 
multi-stage elevator 24 then vertically lowers the first substrate 14a adjacent to the sputter 
deposition chamber 42. 

Fig. 4c illustrates the first substrate 14a being transferred from the first stage 30 of the 
multi-stage elevator 24 into the sputter deposition chamber 42. Fig. 4d illustrates both the first 
substrate 14a being processed in the sputter deposition chamber 42 and a second substrate 14b ■ 
positioned in the load lock 18. 

Fig. 4e illustrates the second substrate 14b being positioned on the first stage 30 of the 
multi-stage elevator 24. The multi-stage elevator 24 vertically transports the second substrate 
14b into the sputter cleaning chamber 26. Both the first substrate 14a and the second substrate 
14b are processed simultaneously in the sputter deposition chamber 42 and sputter cleaning 
chamber 26, respectively. 

Fig. 4f illustrates the first substrate 14a being transported by the second transport 
mechanism 44 to the second stage 32 of the multi-stage elevator 24. The multi-stage elevator 24 
then lowers the second substrate 14b so that it is adjacent to the sputter deposition chamber 42. 
Fig. 4g illustrates the second substrate 14b being transported by the second transport mechanism 
44 from the first stage 30 of the multi-stage elevator 24 to the sputter deposition chamber 42. 

Fig. 4h illustrates a third substrate 14c being positioned in the load lock 1 8 while the 
second substrate 14b is being positioned in the sputter deposition chamber 42. Fig. 4i illustrates 
the third substrate 14c being transported to the first stage 30 of the multi-stage elevator 24. The 
elevator 24 then vertically transports the third substrate 14c into the sputter cleaning chamber 26 
and positions the first substrate 14a adjacent to the load lock 18. 

Fig. 4J illustrates the first substrate 14a being transported from the second stage 32 of the 
multi-stage elevator 24 into the load lock 18, while the second substrate 14b and third substrate 
14c are being simultaneously processed. The first substrate 14a is then transported from the load 
lock 18 to the substrate carrier 16. The process repeats for subsequent substrates. Oneofthe 
advantages of the apparatus described in connection with Fig. 4 is that two batches of wafers can 
be processed simultaneously while a third batch of substrates is being transported into and out of 
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Fig. 5 is a side cross-sectional view of one embodiment of a multi-layer sputter 
disposition chamber 42 according to the present invention. A rotatable member, such as a drum 
56, is positioned in the chamber 42. The drum 56 rotates about a bearing. In one embodiment, 
the drum 56 defines a plurality of relatively flat surfaces or faces 58 on the outer surface of the 
drum 56. For example, the drum 56 may be pentagonal in shape with five faces 58. 

In one embodiment, the rotatable member defines an aperture 60. The rotatable member 
may include a ferrofluidic conduit 62 (Fig. 2) in the aperture 60 for passing electrical wires and 
cooling fluid pipes from a power supply and fluid source into the drum 56. The ferrofluidic 
conduit 62 also provides a vacuum seal between the aperture 60, which is maintained at 
substantially atmospheric pressure, and the faces 58 of the drum 56, which are maintained at high 
vacuum in the sputter deposition chamber 42. 

In one embodiment, each of the plurality of magnetrons 64 is positioned on one of the 
relatively flat surfaces 58 of the drum 56. Sputtering targets 66 are positioned proximate to each 
of the plurality of magnetrons 64. The width of the sputtering targets typically exceeds the 
diameter of the substrates. The sputter targets 66 may be compound sputtering targets that 
comprise at least two different materials to be sputtered. Electrical wires and cooling fluid pipes 
are fed through the ferrofluidic conduit 62 (Fig. 2). 

In one embodiment, at least one face 58 of the drum 56 includes a removable flange 68 
for providing access to the magnetrons 64 for configuration, maintenance and repair. In one 
embodiment, the drum is coupled to a motor 70 (Fig. 2) either directly or by a drive belt 72 (Fig. 
2). A processor 74 (Fig. 2) is in electrical communication with the motor 70 and may instruct the 
drum 56 to position a predetermined one of the plurality of magnetrons 64 under a substrate 14. 

A shield 76 may be positioned in the sputter deposition chamber 42 to prevent sputtered 
material from contaminating system components, such as the sputtering chamber 42, drum 56, 
magnetrons 64, and unused sputtering targets. In one embodiment, the shield 76 defines an 
aperture 78 that is dimensioned to receive a sputtering target 66. 

The second transport mechanism 44 transports the substrate 14 across the sputtering 
target 66. The second transport mechanism 44 may be a linear drive mechanism that transports 
the substrate 14 in a first direction and a second direction that is substantially opposite to the first 
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direction. The processor 74 may be in electrical communication with the transport mechanism 
44 and instruct the transport mechanism 44 to transport the substrates 14 proximate to a 
predetermined one of the plurality of magnetrons 64. 

The present invention also features a method of sputter depositing multiple layers of 
material onto a substrate. The method includes positioning a first sputtering apparatus 
comprising a first sputtering target proximate to a substrate in a sputter deposition chamber. The 
first sputtering apparatus is activated thereby sputtering first target material onto the substrate. 
The first target material may be sputtered from a compound sputtering target. The substrate is 
transported in a path of sputtered first target material in a first direction and then in a second 
direction that is substantially opposite to the first direction. 

A second sputtering apparatus comprising a second sputtering target is then positioned 
proximate to the substrate in the sputter deposition chamber. The second sputtering apparatus is 
activated thereby sputtering second target material onto the substrate. The second target material 
may be sputtered from a compound sputtering target. The substrate is transported in a path of 
sputtered second target material in the first direction and then in a second direction that is 
substantially opposite to the first direction. 

The substrates can be transported in the path of sputtered first and second target material 
any number of times in order to achieve the desired film uniformity. In addition, the transport 
rate can be adjusted to achieve the desired film uniformity. 

Fig. 6 illustrates a schematic view of a sequential phase-in deposition of two materials 
using the sputtering deposition system of the present invention. Three sequential sputtering 
processes are illustrated. The first sputtering process 80 shows a first sputtering target 82 above 
a substrate 84. The substrate 84 is transported in a path of the sputtered material. The second 
sputtering process 86 shows a compound sputtering target 88 above the substrate 84. By 
compound sputtering target we mean that the sputtering target comprises at least two different 
materials. The substrate 84 is transported in a path of the sputtered material, which is at least 
two different sputtered materials. The third sputtering process 90 shows a third sputtering target 
92 above the substrate 84. The substrate 84 is transported in a path of the sputtered material. 
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The substrate 84 may be transported across the sputtering targets in only one direction. 
Alternatively, the substrate may be transported in a first and a second direction, where the second 
direction is substantially opposite the first direction, as described in connection with the 
apparatus 10 of Fig. 1. 

In one embodiment of the invention, the sequential phase-in deposition is a sequential 
chromium/copper phase-in deposition. The first sputtering target is a chromium sputtering 
target. The compound sputtering target is a chromium/copper sputtering target. The second 
sputtering target is a copper sputtering target. 

The present invention also features a method of phase-in deposition using the sputtering 
deposition system of the present invention. The method includes positioning a first sputtering 
apparatus comprising a first sputtering target proximate to a substrate in a sputter deposition 
chamber. The first sputtering apparatus is activated thereby sputtering a first material, such as 
chromium, onto the substrate. The substrate is then transported in a path of the sputtered 
material. The substrates may be transported in a first and a second direction, where the second 
direction is substantially opposite the first direction. 

A second sputtering apparatus comprising a compound sputtering target is positioned 
proximate to the substrate in the sputter deposition chamber. The second sputtering apparatus is 
activated thereby sputtering at least two materials, such as chromium and copper onto the 
substrate. The substrate is transported in a path of the sputtered material. The substrates may be 
transported in a first and a second direction, where the second direction is substantially opposite 
the first direction. Sputtering with the compound sputtering target allows the gradual 
introduction of at least two materials with any desired proportion. 

A third sputtering apparatus comprising a third sputtering target is positioned proximate 
to the substrate in the sputter deposition chamber. The third sputtering apparatus is activated 
thereby sputtering copper onto the substrate. The substrate is transported in a path of copper 
ions. The substrates may be transported in a first and a second direction, where the second 
direction is substantially opposite the first direction. 

Fig. 7 is a graph illustrating the chromium and copper distribution as a function of film 
thickness for a chromium/copper sequential phase-in deposition according to the present 
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invention. The fraction of chromium in the deposited film gradually decreases while the fraction 
of copper in the deposited film gradually increases. For the process illustrated in Fig. 6, the cross 
over point where the fractions of chromium and copper are each approximately 50% corresponds 
to a film thickness of approximately 40%. By varying the process parameters, the sputtering rate 
for each of the three depositions can be modified to obtain a film with the desired fractions of 
chromium and copper. 
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Equivalents 

While the invention has been particularly shown and described with reference to specific 
preferred embodiments, it should be understood by those skilled in the art that various changes in 
form and detail may be made therein without departing from the spirit and scope of the invention 
as defined by the appended claims. 



WO 00/18980 



- 15- 



PCT/US99/22888 



Claims 

t is claimed is: 

An apparatus for simultaneously transporting and processing substrates, the apparatus 
comprising: 

a) a load lock that stores at least one substrate prior to processing and that stores at least 
one substrate after processing; 

b) a first transport mechanism that transports at least one substrate into and out of the 
load lock; 

c) a multi-stage elevator that is adapted to receive the first transport mechanism; and 

d) a first process chamber vertically disposed from the multi-stage elevator, 

wherein the multi-stage elevator vertically transports at least one substrate into and out 
of the first process chamber. 

The apparatus of claim 1 wherein the load lock comprises a vacuum load lock. 

The apparatus of claim 1 wherein the load lock comprises a first valve that defines a first 
end of the load lock and a second valve that defines a second end of the load lock, the 
second end of the load lock being adjacent to the multi-stage elevator. 

The apparatus of claim 1 further comprising: 

a) a second process chamber coupled to the multi-stage elevator; and 

b) a second transport mechanism that transports at least one substrate between the multi-^ 
stage elevator and the second process chamber. 

The apparatus of claim 4 wherein the apparatus simultaneously transports at least one 
substrate into or out of the load lock while processing at least one substrate in at least one of 
the first process chamber and the second process chamber. 

The apparatus of claim 4 wherein the apparatus simultaneously processes at least one 
substrate in both the first process chamber and the second process chamber. 



WO 00/1 8980 PCT/US99/22888 



- 16- 

1 7. The apparatus of claim 4 wherein at least one of the first process chamber and the second 

2 process chamber comprises a sputter cleaning chamber. 

1 8. The apparatus of claim 4 wherein at least one of the first process chamber and the second 

2 process chamber comprises a sputter deposition chamber. 

1 9. The apparatus of claim 4 wherein at least one of the first transport mechanism and the 

2 second transport mechanism comprises a plurality of substantially solid members. 

1 1 0. The apparatus of claim 4 wherein at least one of the first transport mechanism and the 

2 second transport mechanism comprises a plurality of tubes. 

1 11. The apparatus of claim 4 wherein the second process chamber further comprises: 

2 a) a plurality of magnetrons mounted on a rotatable member, wherein a predetermined 

3 one of the plurality of magnetron is positionable proximate to a substrate in the second 

4 process chamber; and 

5 b) a transport mechanism that transports the substrate proximate to the predetermined one 

6 of the plurality of magnetron in a first and a second direction. 

l 12. The apparatus of claim 1 1 wherein the rotatable member defines an aperture. 

1 13. The apparatus of claim 1 1 wherein the second direction is substantially opposite to the first 

2 direction. 

1 14. The apparatus of claim 1 -wherein the multi-stage elevator comprises: 

2 a) a first elevator stage adapted to support at least one substrate; 

3 b) a second elevator stage adapted to support at least one substrate, the second elevator 

4 stage being vertically aligned and separated from the first elevator stage, 

5 wherein the first elevator stage and the second elevator stage are adapted to accept the 

6 first transport mechanism. 
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1 1 5 . The apparatus of claim 1 further comprising a robot arm that loads at least one substrate 

2 into and out of the first end of the load lock. 

1 1 6. The apparatus of claim 1 5 wherein the robot arm is positioned in an atmospheric pressure 

2 environment. 

l 1 7. The apparatus of claim 1 wherein at least one substrate comprises a semiconductor wafer, 

l 1 8 . The apparatus of claim 1 wherein at least one substrate is positioned on a pallet. 

1 19. A method of simultaneously transporting a batch of substrates in an apparatus while 

2 processing a batch of substrates in at least one process chamber of the apparatus, the 

3 method comprising the steps of: 

4 a) transporting a first batch of substrates from a substrate carrier into a load lock; 

5 b) transporting the first batch of substrates from the load lock to a first stage of a multi- 

6 stage elevator; 

7 . c) positioning the first stage of the multi-stage elevator supporting the first batch of 

8 substrates into a first chamber; 

9 d) processing the first batch of substrates in the first chamber with a first process; 

1 o e) positioning the first stage of the multi-stage elevator supporting the first batch of 

j i processed substrates adjacent to a second chamber; 

12 f) transporting the first batch of processed substrates from the first stage of the multi- 

!3 stage elevator to the second chamber; and 

1 4 g) transporting a second batch of substrates from a substrate carrier into the load lock. 

1 20. The method of claim 1 9 further comprising the steps of: 

2 a) transporting the second batch of substrates from the load lock to the first stage of the 

3 multi-stage elevator; and 
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b) positioning the first stage of the multi-stage elevator supporting the second batch of 
substrates into the first chamber. 
21 The method of claim 20 further comprising the step of simultaneously processing the first 
batch of substrates in the second chamber with a second process and the second batch of 
substrates in the first chamber with the first process. 

22. The method of claim 2 1 further comprising the steps of: 

a) transporting the first batch of processed substrates from the second chamber to a 
second stage of the multi-stage elevator; and 

b) positioning the first stage of the multi-stage elevator with the second batch of 
substrates adjacent to the second process chamber. 

23 The method of claim 22 further comprising the step of transporting the second batch of 
processed substrates from the first stage of the multi-stage elevator to the second process 
chamber. 

24. The method of claim 23 further comprising the steps of: 

a) transporting a third batch of substrates from a substrate carrier into the load lock; 

b) transporting the third batch of substrates from the load lock to the first stage of the 
4 multi-stage elevator; and 

c) positioning the first stage of the multi-stage elevator with the third batch of substrates 
6 in the first process chamber. 

, 25. The method of claim 24 further comprising the step of simultaneously processing the 

2 second batch of substrates in the second chamber with a second process and the third batch 

3 of substrates in the first chamber with the first process. 

1 26. The method of claim 25 further comprising the steps of: 

2 a) transporting the first batch of substrates from the second stage of the multi-stage 

3 elevator to the load lock; and 
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b) transporting the firs, batch of substrates from tire load lock «o tire substtate earner. 
The method of claim 26 wherein the following steps occur simultaneously: 

a) transporting the firs, batch of substrates from tire second surge of tire mul,i-s,age 
elevator to the load lock; 

b) transporting tire firs, batch of substrates from tire load lock to me subsume carrier; and 

c) simultaneously processing tire second ba,ch ofsubstta.es in the second chamber with a 
second process and tire dtird batch of substrates in me firs, chamber with <he firs, 
process. 
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